T-box genes constitute a conserved multi-gene family with important roles in many developmental processes. In this report, we describe the cloning and expression analysis of a novel mouse T-box gene, Tbx20. Expression is prominent in the extraembryonic mesoderm, in the developing heart, the eye anlage and motor neurons of hindbrain and spinal cord. q
Results and discussion
T-box (Tbx) genes encode transcription factors characterized by a highly related DNA binding region termed the Tbox (Kispert, 1995) . Experimental and genetic studies in vertebrates have revealed the crucial role of Tbx genes in mesoderm formation and patterning, and in the development of heart, limbs and eyes (Papaioannou and Silver, 1998; Smith, 1999) .
Here, we report the cloning and expression analysis of a novel mouse T-box gene, Tbx20. Tbx20 was isolated from an embryonic day 10.5 (E10.5) mouse heart cDNA library. The sequence of the cDNA comprises 3999 nucleotides and contains a single large open reading frame encoding a protein of 446 amino acids (Fig. 1) .
Both sequence conservation ( Fig. 2 ) as well as highly related expression patterns suggest that mouse Tbx20, human TBX20 (AC006379.2), zebra®sh HrT (AF239664) or Tbx20 (AF239664), Drosophila H15 (X98766) and Caenorhabditis elegans tbx-12 (U56081) are orthologs (Ahn et al., 2000; Grif®n et al., 2000) .
Recently, Carson et al. (2000) published the cloning and expression analysis of mouse Tbx12. Comparison of the sequences and expression patterns suggests that Tbx20 presented here and Tbx12 are identical. However, we have observed differences between the nucleotide sequences of both cDNAs. The composite cDNA of Tbx12 comprises 1825 nucleotides with a putative translational product of 297 amino acids. Aspartate-62 in Tbx20 is replaced by threonine in Tbx12; threonine-117 by proline. After the stop codon in the Tbx12 cDNA, sequence conservation between Tbx12 and Tbx20 stops. Amino acid conservation between Tbx20 and the zebra®sh ortholog HrT extends all the way to the stop codon (Fig. 2) . In addition, the 3 H -half of the Tbx20 cDNA only shows sequence conservation with human TBX20 (AC006379.2). Hence, the 3 H -end of the Tbx12 cDNA could derive from a polymerase chain reaction (PCR) or cloning artifact. Alternatively, the Tbx12 cDNA may represent a product of alternative splicing. Indeed, we were able to amplify fragments of predicted sizes both for Tbx20 and Tbx12 from E12.5 heart cDNA with speci®c primers¯anking the`breakpoint' (data not shown). Characterization of the Tbx12/20 genomic locus will be required to clarify the nature of the 3 H -end of the Tbx12 cDNA. In situ hybridization analysis was used to determine the expression of Tbx20 during embryogenesis (Fig. 3) . Our analysis extends that of Carson et al. (2000) by describing additional expression sites, particularly within the nervous system (Fig. 4) . Between E7.25 and E8, expression was detected in the extraembryonic mesoderm which will contribute to amnion and chorion (Fig. 3A) . Allantois expression persists until E10.5 and continues into the umbilical cord (Fig.3 B±H) . Tbx20 expression is found throughout heart development (Fishman and Chien, 1997) ; at E7.5, in the cardiogenic mesoderm, at E8.0±8.5, in the cardiac crescent and looping heart tube, from E9.5, in the forming fourchambered heart (Fig. 3B±I) . At all stages, expression is much stronger in the myocardium than in the endocardium (data not shown). Tbx20 expression extends from the cardiogenic into the lateral plate mesoderm (Fig. 3C±H) . From E10.5 on, Tbx20 is weakly expressed in the periphery of (Fig. 3H) . Occasional staining in the otic vesicle was due to unspeci®c trapping of the color precipitate (Fig. 4A,B) . At E9.0, Tbx20 is weakly expressed in the dorsal half of the optic vesicle. Later, expression spreads ventrally to enclose the entire neural retina at E11.5 (Fig. 3F±H) .
At E9.0, Tbx20 expression is initiated in the hindbrain: ®rst in the ventral region of rhombomere (r) 2 and 4, then in r7, r8 and in the cervical spinal cord (Figs. 3F and 4A,B) . By E10.5, two ventral stripes of Tbx20-expressing cells are continuous from r2 into the cervical spinal cord (Figs. 3G and 4C) . Expression is found in two symmetrical patches of Expression in all extraembryonic mesoderm lining the exocoelomic cavity including the allantois, and in the precardiac mesodermal wings. (C) E8.0 embryo. Tbx20 expression is still weakly found in the mesodermal layer of the exocoelom. Strong expression in the cardiac crescent and in the lateral plate mesoderm. (D,E) E8.5 embryo. Strong Tbx20 expression detected in all components of the linear heart tube, in the allantois and in the lateral plate mesoderm. (F) E9.5 embryo. New expression sites in rhombomeres 2 and 4, and in the dorsal optic vesicle. Otic vesicle staining is unspeci®c. (G) E10.5 embryo. Tbx20 is expressed in the four-chambered heart, lateral plate mesoderm, allantois, dorsal half of the optic vesicle and in a thin stripe of cells in the ventral neural tube (arrows) strongest in rhombomere 4. (H) E11.5 embryo. Additional expression sites in the urogenital region and in the liver. In the eye, expression is now found in the entire neural retina of the optic cup. Arrows mark Tbx20 expressing motor neurons in the neural tube. (I) E12.5 heart. Uniform expression in all four heart chambers. am, amnion; al, allantois; avc, atrioventricular chamber; ch, chorion; e, eye; ex, exocoelomic cavity; h, heart; hf, head folds; ift, in¯ow tract; la, left atrium; li, liver; lpm, lateral plate mesoderm; lv, left ventricle; no, node; oft, out¯ow tract; opt, optic vesicle; ov, otic vesicle; pac, proamniotic cavity; pc, precardiac mesoderm; ps, primitive streak; r, rhombomere; ra, right atrium; rv, right ventricle; u, urogenital system. cell bodies in the mantle region of the ventral neural tube (Fig. 4E,F) . The overall pattern of Tbx20 expression is identical to that of islet1 (Pfaff et al., 1996) , indicating that Tbx20 expression is con®ned to postmitotic motor neurons. At E11.5, Tbx20 expression follows the migration of motor neurons (Pattyn et al., 1997 (Pattyn et al., , 2000 . Cell bodies in r2 and posterior to r6 have migrated dorsally depleting the ventral stripe of Tbx20 expression. In r4, ventral staining is preserved and extends caudally into r5 and 6, where it turns dorsally. This re¯ects the caudal migration of facial nerve motor neuron precursors into this region (Fig. 4D ).
Materials and methods

Isolation of Tbx20
Using the T-box of a mouse Tbx8 cDNA (A.K., unpublished) as a probe, we screened an E2 chick cDNA library under low stringency conditions and identi®ed several cDNAs of novel chick T-box genes. One of them, closely related to a partial human TBX20 cDNA, was further characterized. Sequence alignment of chick and human Tbx20 genes revealed nucleotide stretches of high sequence conservation which were used to derive speci®c primer sequences for PCR ampli®cation of a mouse homolog. One pair of primers (5 H -CGGGCCAACGCCTTCTCC, 5 H -GATTCTGGTAGGC(AT)GTGAC) ampli®ed a 730 bp fragment of mouse Tbx20 from E12.5 mouse heart cDNA. The PCR fragment was used as a probe to screen an E10.5 mouse heart l-phage cDNA library (Stratagene #937320). Four positive clones were puri®ed and cDNA inserts rescued in plasmid vector. The longest cDNA was completely sequenced. Sequence analysis was performed using Lasergene Navigator (DNAStar) sequencing software. The sequence of mouse Tbx20 was deposited in the GenBank database under the accession number AF306667.
Expression analysis
Whole-mount in situ hybridization using a digoxigenin labeled riboprobe transcribed from the 0.73 kb Tbx20 PCR fragment was performed as described (Parr et al., 1993; Knecht et al., 1995) . In situ hybridization on sections and documentation followed the protocol by Lescher et al. (1998) . 
